The effects of product inhibition on lactic acid fermentation from fresh cassava roots in tofu liquid waste by Streptococcus bovis were studied in batch culture. The lactic acid production and growth rate gradually decrease with increase of inhibitor (lactic acid) concentration. The effects of product inhibition on productivity and specific growth rate were confirmed by the Lineweaver-Burk plot to noncompetitive inhibition. The product inhibition was evaluated by two inhibitions constants: inhibition constant for productivity (Ki) and inhibition constant for specific growth rate (KSi). They decrease with increasing of inhibitor concentration. The values of Ki and KSi in a rich media are smaller than those in a poor media and the Ki is larger than the KSi in those media. The experiment results on batch fermentation agree with the noncompetitive inhibition model for about four days, but they deviate from the inhibition model after four days due to high inhibitor concentration. It is supposed that accumulation of lactic acid in broth decidedly causes damage on viable cell.
The problems in fermentation process are the existence of such inhibitor that inhibit cell growth and reduce their activity for product formation, such as substrates inhibition and product inhibition. The batch process for lactic acid production is known to be limited with product inhibition. The inhibition by product (lactic acid) may be competitive or noncompetitive inhibition [5] . Aiba et al., [6] have reported the kinetic of product inhibition in ethanol fermentation. The effects of product on specific productivity and growth rate were confirmed to noncompetitive inhibition by Lineweaver-Burk plot. Ishizaki and Otha [7] have reported batch culture kinetics of L-lactate fermentation by Streptococcus sp. IO-1. They carried out numerical analyses by uncompetitive inhibition at different initial substrate concentration. Kinetic study of product inhibition has been studied in the chemostat of lactic acid fermentation from glucose by Streptococcus faecalis. The inhibition for specific growth rate and specific production rate of lactic acid were regarded to noncompetitive inhibition [8] . 
Results and Discussions
In many studies, product inhibition by lactic acid bacte- The reaction mechanism for noncompetitive inhibition can be described as follows [5]:
•¬ (1) where Km iS Michaelis-Menten constant, with definition of Lineweaver-Burk plot for specific growth rate. Symbols are same as those in Fig. 1. tion, I is equivalent to P. We can develop the following rate equation:
The parameters in this expression, Vm app, Vm and [I] are maximum productivity for each I, maximum productivity without inhibitor and inhibitor concentration, respectively.
Lineweaver-Burk plot for the productivity is given by following equation:
Calculation of specific growth rate could be derived by a Monod-type equation:
•¬ (7) where KS is saturation constant and the ƒÊm, app is the maxi- [9] reported that lactic acid bacteria are more sensitive to product inhibitor concentration. Fig. 7 shows the fermented lactic acid concentration (Cu), residual sugar concentration (CR S) during fermentation in various media. In batch fermentation, lactic acid Table 1 Parameters of product inhibition in L-lactic acid fermentation for Productivity and specific growth rate. concentration increases with fermentation time. To estimate the productivity and specific growth rate from the inhibition models at a fermentation time, we used the average lactic acid concentration (CLa av) during the fermentation, as inhibitor concentration (1) . For example at 72 h fermentation time, the fermented lactic acid concentration (Cu) is 60 g/L for FCR (TLW+CMW2). The viable cell was not inhibited by the inhibition concentration (1) = 60 g/L but it is inhibited by I=CLa av is 35 g/L. Where, the CLa av is average lactic acid concentration during the fermentation time. In Fig. 7, etching the calculated curves by inhibition models for productivity (Eq. 5) and specific growth rate (Eq. 8) using [I] = CLa av, K=K av and K;S=K;S av, respectively. Fermentation experiment results fairly agree with the non-competitive product inhibition models, but deviated from models at long time fermentation because viable cell is more damaged at high inhibitor concentration than those from the models.
Conclusions
The product inhibition experiment was performed to clarify the effect of product inhibition on lactic acid fermentation from fresh cassava roots (FCR) by Streptococcus bovis in batch culture. It can be certified from Linewearver-Burk plot that the inhibition is noncompetitive. The product inhibition was evaluated by two inhibitions constants: inhibition constant for productivity (Ki) and inhibition constant for specific growth rate (Ki). They are not constant, but decrease on the increase of inhibitor concentration. The values of Ki and KSi in a rich media are smaller than those in a poor media and the Ki is larger than the KSi in these media. We compared the batch fermentation experimental results with those from the noncompetitive model using average product concentration.
They agreed with those from models, but they deviated from the inhibition models at high inhibitor concentration.
